BEST AVAILABLE COPY 

(12) INTERNATIONAL APPLICATION PUBLISIILD UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




(43) International Publication Date (10) International Publication Number 

3 May 2001 (03.05.2001) PCT WO 01/30742 Al 



(51) International Patent Classification 7 : C07C 209/62. 

209/26, 209/70, 21 1/42. 251/20 

(21) International Application Number: PCT/DK00/00586 

(22) International Filing Date: 20 October 2000 (20.10.2000) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

PA 1999 01540 27 October 1999 (27.10.1999) DK 

(71) Applicant (for all designated Slates except US): A/S GEA 
FARMACEUT1SK FABRlk (DK/DK]; Holger Danskes 
Vej 89, DK-2000 Frederiksberg (DK). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): FISCHER, Erik 
[DK/DK]; Romsdalsgade 3, DK-2300 Copenhagen S 
(DK). TREPPENDAHL, Svend, Peter [DK/DK1; Fred- 
eriksdalsvej 221, DK-2830 Virum (DK). PEDERSEN, 
Seren, Bols [DK/DK]; Vesterkrersvej 7, DK-2650 Hvi- 
dovre (DK). 



(74) Agents: SIMONSEN, Christian, Rosendal et al.; ln- 
ternulionall Patent -Bureau, Hpje Taasirup Boulevard 23, 
DK-2630Taastrup(DK). 

(81) Designated States (national): AE. AG. AL. AM, AT, AT 
(utility model), AU, AZ. BA, BB, BG, BR. BY, BZ. CA. 

CH, CN, CR, CU, CZ, CZ (utility model), DE. DE (utility 
model). DK, DK (utility model), DM. DZ. EE, EE (utility 
model), ES, Fl, Fl (utility model), GB, GD, GE, GH. GM, 
HR, HU, ID, 1L, IN, IS, JP. KE, KG, KP, KR. KZ, LC, LK, 
LR, LS, LT, LU, LV. MA, MD, MG, MK, MN. MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD. SE, SG. SI, SK, SK 
(utility model), SL, TJ, TM. TR, TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU,TLTM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FL FR, GB, GR, IE, 
IT. LU, MC. NL, PT, SE), OAPl patent (BF, BJ, CF, CG, 

CI, CM. GA, GN, GW, ML, MR, NE T SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^j- (54) Title: IMPROVED SYNTHESIS OF RACEMIC SERTRALINE 

r- 
o 

(57) Abstract: The present invention describes an improved process for synthesis of sertraline, cis-(lS), (4S)-N-methyl-4- 

(3,4-dichlorophenyl)-l,2,3,4-tetrahydro-l-naphthaleneamine. The new compound N-R-4-(3,4-dichlorophenyl)-3,4-dihy- 
^ dro-l(2H)-naphthaleneimine is hydrogenated to form N-R-4-(3,4-dichlorophenyl)- 1,2,3 ,4-tetrahydro-l-naphthalenearnine which 

next is N-methylated to form N-R-N-methyl-4(3,4-dichlorophenyl)-1.23,4-tetrahydro-l-naphthaleneamine. This latter compound 
Q is finally converted into sertraline by removal of the group R. The starting compound N-R-4-(3,4-dichlorophenyl)-3,4-dihy- 

dro-l(2H)-napthaJeneimine can be obtained in high yield from 4-(3,4-dichIorophenyl)-3,4-dihydro-l(2H)-naphthalenone, tetralone, 
^ by reaction with R-amine. Further, new valuable intermediates for the synthesis of sertraline are provided. 
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IMPROVED SYNTHESIS OF RACEMIC SERTRALINE 

5 The present invention relates to a new improved 

process for producing cis- (IS) , (4S) -N-methyl-4- (3 , 4 - 
dichlorophenyl) -1, 2 , 3 , 4-tetrahydro-l-naphthaleneamine, 
hereinafter referred to as "sertraline" , or salts 
thereof, and to new intermediates in the process. 

BACKGROUND OF THE INVENTION 

Sertraline hydrochloride is a valuable 

15 pharmaceutically active substance which is widely used 
for treatment of depressions and anxiety disorders. 

In DK 153 390 a process for the production of 
sertraline is described where a key intermediate 4- 
(3, 4 -dichlorophenyl) -3 , 4-dihydro-l (2H) -naphthalenone, 

20 hereinafter referred to as "tetralone" , is condensed 
with an amine having the formula HNR 1 R 2 wherein R 1 is 
hydrogen or n-alkyl with 1-3 carbon atoms, and R 2 is 
n-alkyl with 1-3 carbon atoms, in the presence of 
titanium tetrachloride to the corresponding N-methyl- 

25 imine. Subsequently the N-methyl-imine is 
hydrogenated, using palladium on carbon as catalyst, 
to a mixture of cis and trans isomers of N-methyl-4- 
(3,4-dichlorophenyl) -1,2,3,4-tetrahydro-l- 
naphthaleneamine. The racemic cis-isomer is separated 

30 from the trans-isomer by crystallisation of the cis- 
isomer as a hydrochloride from a methanol or ethanol 
solution. Finally the racemic cis-isomer is resolved 
by a diastereomeric crystallisation with D-(-)- 
mandelic acid in order to obtain the desired 

35 stereoisomer cis- (IS) , (4S) -N-methyl-4- (3,4- 
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dichlorophenyl) -1,2,3, 4-tetrahydro-l-naphthaleneamine, 
sertraline . 

The cis/trans ratio obtained in the hydrogenation 
step is 70/30 which results in an overall yield of 68 
5 % racemic cis-N-methyl-4 - (3 , 4 -dichlorophenyl )- 1 , 2 , 3 , 4 - 
tetrahydro- 1 -naphthaleneamine . 

WO 93/01161 describes a process for the 
production of trans-N-alkanoyl-N-methyl-4- (3,4- 
dichlorophenyl) -1,2,3 , 4 -tetrahydro- 1 -naphthaleneamine , 

10 from the corresponding 4 -hydroxy precursor. EP 594 666 
describes the formation of the cis-N-alkanoyl-N- 
methyl -4 - (3,4 -dichlorophenyl ) -1,2,3, 4 -tetrahydro- 1 - 
naphthaleneamine by elimination and subsequent 
catalytic hydrogenation. Further EP 594 666 describes 

15 that the alkanoyl group can be removed to form cis 
isomer i.e. racemic sertraline. 

In WO 98/27050 a process for the preparation of 
racemic cis -N-methyl -4 - (3,4 -dichlorophenyl ) -1 , 2 , 3 , 4 - 
t e t rahydro - 1 - naph t hal eneami ne is de s c r ibed , whe rein 

20 tetralone is reacted with N-methyl -hydroxyl amine to 
produce N-methyl -4- (3 , 4 -dichlorophenyl ) -1,2,3,4- 
tetrahydro-1 -naphthalene- 1-en-amine-N-oxide which is 
hydrogenated in the presence of a catalyst to form N- 
methyl-4- (3,4 -dichlorophenyl) -1,2,3 , 4- tetrahydro- 1- 

25 naphthaleneamine. The cis isomer is separated by 
precipitation. A cis/trans ratio of 80/20 and an 
overall yield of 69 % racemic cis-isomer is obtained. 

The above processes provide sertraline starting 
from tetralone. Tetralone may be produced in a 5-step 

30 process as described in DK 153 3 90, with benzoyl 
chloride as starting material. 

DK 171 020 describes a procedure where an a- 
naphthol is reacted with ortho-dichlorobenzene to 
produce a 4 (di- substituted phenyl) -1- tetralone. 

35 WO 95/15299 describes a process for the 



WO 01/30742 



PCT/DK00/00586 



3 

preparation of (4S) -4- (3 , 4 -dichlorophenyl ) -3,4- 
dihydro-1 (2H) -naphthalenone where racemic 4- (3,4- 
dichlorophenyl) -3 , 4 -dihydro-1 (2H) -naphthalenone is 
reduced using an asymmetric reagent to produce a 
5 mixture of cis and trans alcohols, said cis alcohols 
are separated from the trans alcohols and oxidized to 
the desired (4S) enantiomers. 

In WO 98/15516 a process for producing 4- (3,4- 
dichlorophenyl) -3 , 4-dihydro-l (2H) -naphthalenone by 

10 reaction of o-dichloro-benzene and a-naphthol in the 
presence of a Fridel -Craft catalyst is described. From 
the reaction mixture the 4 - (3 , 4 -dichlorophenyl) -3 , 4 - 
dihydro-1 (2H) -naphthalenone is separated from another 
reaction product 4- (2 , 3 -dichlorophenyl) -3 , 4 -dihydro- 

15 1 (2H) -naphthalenone by a number of crystallisation 
steps . 

A process for production of the (4S) -enantiomer 
of 4 - (3 , 4 -dichlorophenyl ) - 3 , 4-dihydro-l (2H) - 
naphthalenone in a highly optical -pure form is 

20 described in WO 93/12062. In this process a 4- (3,4- 
dichlorophenyl) -4 -ketobutanoic acid is first 
esterified with isopropylene or isobutylene. The ester 
is in three steps converted to isopropyl- or tert . - 
butyl- 4- (3, 4 -dichlorophenyl) - (4R) -phenylbutanoate 

25 which is cyclizised in a final step to form the 
desired (4S) -4- (3 , 4 -dichlorophenyl) -3 , 4-dihydro-l <2H) - 
naphthalenone . 

In spite of the several prior art processes 
discussed above, there is still a desire of improving 

30 the process for production of sertraline in order to 
make the process more cost efficient and more 
environmentally acceptable. In the process used 
industrially the overall yield of racemic sertraline 
from tetralone is only approximately 68-69% which 

35 means that approximately 30 % is lost in the process 



WO 01/30742 PCT/DKOO/00586 



4 

and in one way or another forms a waste product that 
needs to be handled. In addition there is a wish to 
avoid the usage of titanium tetrachloride because of 
the difficulties of handling this compound and the 
5 titanium containing waste that is formed during the 
process . 

Thus it is an object of the present invention to 
provide a new process for producing racemic sertraline 
from tetralone in a simple, economical and 
10 environmentally acceptable way. 



SUMMARY OF THE INVENTION 

15 The present invention is based on the recognition 

that the yield can be improved by ensuring that a 
higher cis/trans ratio is obtained, and that an 
advantageously high cis/trans ratio is favoured when 
the reduction ' of a compound formed by reaction of 

20 tetralone and an amine contains a "bulky" substituent 
on the nitrogen atom instead of a small substituent 
such as a methyl group as used in the prior art. The 
required methyl substituent on the N-atom in the final 
product, sertraline, is added after the formation of 

25 the desired conformation at the 1-carbon. Eventually 
the "bulky" group is removed. 

Thus, in one aspect it is an object of the 
present invention to provide a process for the 
production of cis- (IS) , (4S) -N-methyl-4- (3 , 4-dichloro- 

30 phenyl) -1,2,3, 4- t et rahydro- 1 -napt hale ne amine , 
sertraline, or a salt thereof, which process comprises 
the following steps: 



35 



i) the compound with the formula I 
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R 
I 

N 



5 




wherein R= a benzyl group, which may be 
substituted with one to three groups 
independently selected from: fluorine, 
chlorine, bromine, iodine, alkyl groups such 
as methyl, ethyl and propyl, and alkoxy 
groups such as methoxy, ethoxy, and propoxy, 

is hydrogenated to obtain the compound with the 
formula II, 



R 

20 | 

N 




wherein R is as defined above, 

ii) the compound with the formula II is 
reductively alkylated with formaldehyde or a 
derivative of formaldehyde or reacted with 
another methylating agent to obtain the 
compound with the formula III, 



30 



35 
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R 



5 




10 Hi 

wherein R is as defined above, and 

iii) the compound with the formula III is 
converted to sertraline or a salt thereof, 
15 by removal of the group R. 

Detailed explanation of the process of the 
invention for removing the group R from the compound 
2 0 (III) may be found below. 

The compound (I) may be obtained by reaction of 
4 - (3,4-dichlorophenyl) - 3 ; 4 -dihydro- 1 ( 2H) - 
naphthalenone, tetralone, with R-NH 2 where R has the 
above meaning. This reaction may be performed without 
25 use of a catalyst especially without use of the 
environmentally hazardous titanium tetrachloride. 
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The compound of formula I, wherein R has the 
above significance is novel and in a further aspect of 
the invention forms part thereof. 

The intermediate compound (II) may be obtained by 
5 hydrogenation of a compound of the formula I. 

Neither the compound (II) has been described 
previously and thus the invention in a still further 
aspect comprises the novel compound of formula II 
wherein R is as defined above. 
10 The hydrogenation of compound (I) to compound 

(II) is preferably performed in the presence of a 
solid catalyst. In this step the configuration at the 
1-carbon atom is determined. 

The substituent on the nitrogen atom influences 
15 the cis/trans ratio in the compound II, and a 
substituent as R favours a high cis/trans ratio 
compared to the ratio when a smaller substituent such 
as a methyl group is present in stead of R. The high 
cis/trans ratio is maintained in the subsequent two 
20 steps for forming sertraline. 

The compound (III) is manufactured by methylation 
of a compound of the formula (II) , and eventually 
converted into sertraline by removal of the group R. 

The methyl group introduced by the conversion of 
25 compound II into the compound III remains attached to 
the nitrogen atom when the latter compound is 
converted into the desired compound, sertraline. 

Neither the intermediate compound (III) wherein R 
has the above significance, has been previously 
30 described and forms a further aspect of the invention. 

Thus the present invention provides a process and 
intermediates for production of racemic cis-N-methyl- 
4 - (3 , 4 -dichlorophenyl ) - 1 , 2 , 3 , 4 - t e t rahydro - 1 - 
naphthaleneamine in a surprisingly high yield when 
35 calculated on the starting material compound (I) or 
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even "tetralone" . This is because the cis/trans ratio 
for the reaction is very high and also because the 
conversion rate in the total process is high. 

In addition the procedure is simple, inter alia 
5 because the conversion of (I) to (II) and (II) to 
(III) may be performed in one pot without the need for 
intermediate purification operations. 

The process is gentle to the environment as it 
can be performed without the need for titanium 

10 tetrachloride. In addition it can be run cost 
efficiently as the yield is higher than the yield in 
previous known processes, the use of expensive 
compounds can be avoided, and excess R-NH 2 for the 
formation of (I) , may be removed from the reaction 

15 mixture by distillation and reused. 

DETAILED DESCRIPTION OF THE INVENTION 

Conversion of "tetralone" to compound I 

20 For the synthesis of sertraline the compound I 

may be formed by reacting 4- (3 , 4-dichlorophenyl) -3 , 4- 
dihydro-1 (2H) -naphthalenone with an amine of the 
formula R-NH 2 . 

The reaction may be performed in any suitable 

25 solvent that is inert with respect to the reaction or 
it may be performed without a solvent. As water is 
produced during the reaction it is preferred to use a 
solvent that can remove the water by azeotropical 
distillation. Examples of such solvents are 

30 cyclohexane, benzene and toluene. 

The temperature for the reaction can be selected 
between room temperature and the boiling temperature 
of the solvent. It is preferred to perform the 
reaction at a temperature in the interval 50-200°C, 

35 preferably between the boiling point of the azeotrope 
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of water and solvent and the boiling temperature of 
the solvent. 

The reaction can be performed without any 
catalyst or can be performed with an acid catalyst 
5 such as a carboxylic acid e.g. capronic acid. After 
the reaction is finished the solvent and excess amine 
may be removed by distillation and reused. 

In connection with the group R the term "bulky" 
means that the group is large. Consequently the group 

10 R may be selected among large groups that is 
substantially inert to the reaction in question. In 
this context large means that the group has a size 
substantially larger that the methyl group attached to 
the N-atom in prior art procedures. Usable groups R 

15 according to this invention may be selected within the 
above definition. 

As examples of groups R for use according to this 
invention can be mentioned: benzyl, o-chlorobenzyl , m- 
chlorobenzyl , p-chlorobenzyl , p-f lourobenzyl, 2,3- 

20 dichlorobenzyl , 2 , 4 -dichlorobenzyl , 2-bromo-4- 
chlorobenzyl , p-methoxybenzyl , 2 , 3 -dimethoxybenzyl , 
2,4- dimethoxybenzyl , 3 , 4 -dimethoxybenzyl , 2,3,5- 
trimethoxybenzyl , 4 -ethylbenzyl . 

In principle there are rather few limitations on 

25 R, since the group is removed before the final product 
is achieved. However it is preferred to select R so 
that R-NH 2 has a convenient boiling point, i.e. it is 
not distilled off during reaction but can easily 
removed by distillation after the reaction. 

30 For industrial purposes it is preferred to use a 

compound that is available at a low price. For this 
reason it is preferred to use benzylamine which is 
both quite reactive and very cheap, and gives N-[4- 
(3,4-dichlorophenyl) -3 , 4 -dihydro-1 (2H) - 

35 naphthalenylidene] -benzylamine as high melting 
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crystals in a surprisingly high yield. 

Conversion of compound I to compound II 

The reduction of compound I to compound II is 
5 believed to be the step that determines the cis/trans 
ratio for the final product. 

The reduction may take place in several ways as 
it will be known to the person skilled in the art. The 
reduction may be performed using complex hydrides 

10 (e.g. NaBH 4 ) or by hydrogenat ion . Reduction performed 
by catalytic hydrogenation tends to give better 
selectivity that reduction using the complex hydrides. 
For example aliquots of N- [4 - (3 , 4 -dichlorophenyl ) -3 , 4- 
dihydro-1 (2H) -naphthalenylidene] -benzylamine were 

15 reduced with NaBH^ and Raney nickel/H 2 respectively, 
and subsequently reductively alkylated with 
formaldehyde, where after the cis/trans ratio was 
analyzed. The result was a ratio of 53,8/46,2 using 
NaBH 4 compared to 82,9/17,1 for Raney Nickel/H 2 which 

20 clearly demonstrates the selectivity of the catalytic 
hydrogenation. An even higher selectivity with a 
cis/trans ratio of 93,5/6,5 has been observed using 
palladium on carbon. 

For the purpose of this invention the catalytic 

25 hydrogenations can be performed using a solid catalyst 
as known within the art, such as palladium on carbon, 
rhodium on carbon and Raney nickel . The reaction can 
be performed in any solvent that is inert to the 
reaction e.g. ethanol. As it will be known within the 

30 art hydrogenations using H 2 in the presence of a solid 
catalyst gives varying results depending on the actual 
used catalyst, particle size, pressure, temperature 
etc. It is within the capabilities of the skilled 
person in the art to determine which conditions gives 

35 the optimal result in each actual reaction. 
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Conversion of compound II to III 

The conversion of II to III is conveniently- 
carried out in the same pot as the reaction of I to 
5 II. 

The reaction takes place simply by addition of a 
solution of formaldehyde to the reaction mixture from 
the previous step. The reaction takes place almost 
instantaneously and is almost quantitative. 
10 In stead of formaldehyde, any derivative of 

formaldehyde such as paraformaldehyde, and acetals and 
hemiacetals thereof may be used. 

The compound III may also be made by alkylation 
of compound II by conventional alkylation using for 
15 example methyl iodide. The reaction is fast and high 
yielding but requires the isolation of the starting 
material which may be considered inconvenient. 

As in the previous step any solvent that is inert 
to the reaction may be used. 

20 

Conversion of compound III to racemic Sertraline 

When the compound III has been made it is 
converted to racemic cis -N-methyl -4 - ( 3 , 4 - 
dichlorophenyl ) - 1 , 2 , 3 , 4 - t et rahydro- 1 -naphthaleneamine 

2 5 by removal of the group R according to the invention 
using any procedure known within the art, see for 
example Theodora W.Greene and Peter G.M. Wuts: 
Protective Groups in Organic Synthesis. 2. ed, p. 364- 
366, John Wiley & sons, inc. 1991) . 

30 Thus for the use within this invention removal 

can e.g. be performed by hydrogenation in acidic 
environment or by treatment with an acid. 
Hydrogenation is preferred because R groups suitable 
for acid cleavage like for instance triphenylmethyl , 

35 5-benzosuberyl, di (4 -methoxyphenyl) methyl, 3,4- 
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dimethylbenzyl are all very expensive to introduce 
compared to the simple benzyl group. Hydrogenation may 
take place in a inert solvent such as ethanol, in the 
presence of a solid catalyst and an acid, such as 
5 acetic acid or hydrochloric acid. Thus performing the 
debenzylat ion of N- benzyl -N- methyl -4 - (3,4- 
dichlorophenyl ) - 1 , 2 , 3 , 4 -dihydro- 1 -naphthaleneamine in 
ethanol with acetic acid leads to about 80% of the cis 
and trans sertraline racemates and about 20 % of the 

10 4- (3,4-dichlorophenyl) -1 , 2 , 3 , 4 -tetrahydro-naphthalene . 

The use of hydrochloric acid results in 
precipitation of the formed racemic cis-N-methyl -4 - 
(3,4-dichlorophenyl) -1,2,3,4-tetrahydro-l- 
naphthaleneamine as a hydrochloride which leads to an 

15 almost complete conversion of the compound III to 
racemic sertraline hydrochloride. Surprisingly, the 
precipitation of the cis -N-methyl - 4 - ( 3 , 4 - 
dichlorophenyl ) - 1 , 2 , 3 , 4 - tetrahydro- 1 -naphthaleneamine 
hydrochloride does not influence the hydrogenation in 

20 a negative way indicating that no clotting of the 
catalyst occurs. 

Conversion of racemic sertraline to sertraline 

The formed racemic cis-N-methyl-4- (3, 4- 
2 5 dichlorophenyl ) - 1 , 2 , 3 , 4 - tetrahydro- 1 -naphthaleneamine 
is separated from the reaction mixture using known 
procedures, such as crystallisation of cis-N-methyl -4- 
(3,4-dichlorophenyl) -1,2,3,4-tetrahydro-l- 
naphthaleneamine as a hydrochloride by addition of 
30 hydrochloric acid followed by filtration of the 
crystals from the mixture. 

In case that hydrochloride was used in the 
previous step and racemic cis-N-methyl-4- (3 , 4- 
dichlorophenyl ) -1 , 2 , 3 , 4 - tetrahydro- 1 -naphthaleneamine 
35 is present in form of a precipitate, the precipitate 
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and the solid catalyst are removed from the solution 
e.g. by filtration. 

The purified racemic cis-N-methyl-4- (3 , 4- 
dichlorophenyl ) - 1 , 2 , 3 , 4 - tet rahydro - 1 -naphthaleneamine 
5 hydrochloride may be resolved by known procedures such 
as a diastereomeric crystallisation with D-(-)- 
mandelic acid, and subsequent conversion to the 
hydrochloride to produce the pharmaceutical desired 
form cis- (IS) , (4S) -N-methyl-4- (3 , 4-dichlorophenyl) - 
10 1,2,3,4 - 1 et rahydro- 1 - naphthaleneamine hydrochloride , 
sertraline hydrochloride. 

The following examples are provided to illustrate 
the invention, not to be limiting in any way. 

15 

EXAMPLES 
Example 1. 

N- [4- (3,4-dichlorophenyl) - 3 , 4 - dihydr o - 1 ( 2 H ) - 
20 naphthalenylidine] benzylamine, (Formula I, R=Benzyl) . 

4- (3 , 4-dichlorophenyl) -3 , 4-dihydro-l (2H) - 
naphthalenone ( "tetralone" ) (100 . 0 g, 0.343 mole) and 
benzylamine (70.0 g, 0.653 mole) was refluxed in 200 

25 ml toluene using a Dean-Stark water separator. When 
the theoretical amount of water (6.2) ml was trapped 
(7 hours) , toluene and the excess benzylamine was 
distilled off in vacuo at 90°C. 250 ml 2-propanol was 
added and the suspension was heated to reflux. The 

30 solution was cooled to 5°C and stirred for 12 hours 
whereby t cryst^ls were formed. N- [4- (3,4- 
dichlorophenyl) -3, 4-dihydro-l (2H) - 
naphthalenylidene] benzylamine was removed by 
filtration and washed with 100 ml of cold 2-propanol 

35 and dried in vacuo, leaving 124.7 g (96 %) of N-[(3,4- 
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dichlorophenyl) -3 , 4 -dihydro-1 (2H) -naphthalenylidine] - 
benzylamine as light brown crystals. 
Melting point: 102~103°C 

1 H-NMR (CDC1 3 , 300 MHz)5 ppm: 8.40 (m, 1H) ; 7.30 (m, 
5 9H) ; 6.88 (m, 2H) ; 4.68 (s, 2H) ; 4.15 (m, 1H) ; 2.60 
(t, 2H) ; 2.25 (m, 1H) ; 2.15 (m, 1H) . 

Example 2 . 

N-methyl-N-benzyl-4- (3, 4 -dichloro -phenyl ) -1,2,3,4- 
10 t e t r ahy dr o - 1 - n aphtha 1 en e amine , 
(Formula III, R=benzyl) . 

A one litre autoclave was charged with N-[4-(3,4- 
dichlorophenyl) -3 , 4 -dihydro-1 (2H) -naphthalenylidine] - 
benzylamine (50.0 g, 0,132 mole), 10 ml triethylamine, 

15 500 ml ethanol and 7.0 g Raney-nickel (BK 111 W, 
Degussa) washed dry with ethanol. The suspension was 
hydrogenated at a pressure of 3 bar at 60 °C until 
hydrogen uptake ceased (3 hours) . A sample of the 
solution was analyzed using HPLC on a nucleosil C18 

20 column, eluted using MeOH/phosphate buffer, pH 7.0 
(9/1) with a flow of 0.9 ml/min and UV detection at 
230 nm. A single product with a Rt=11.8 min was 
observed. 

The synthesis was continued by addition of 25 ml 
.25 of 37 % formaldehyde to the solution and hydrogenation 
at a pressure of 3 bar at 60°C was resumed. When 
hydrogen uptake ceased the hot solution was filtered 
and evaporated in vacuo to approximately 150 ml. 150 
ml of toluene and 150 ml of water was added and the 
30 organic layer was isolated. The aqueous phase was 
extracted with 100 ml of toluene and the organic 
layers were combined and washed with 50 ml of water 
and evaporated in vacuo leaving 54.1 g of a light 

brown oil. HPLC analysis ( nucleosil C18 column eluted 
35 using MeCN/phosphate buffer, pH 3 . 0 (1/1) with a flow 
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of 1.9 ml/min and UV detection at 230 nm ) revealed 
two products with Rt=14.53 min ( cis racemate: 82.9%) 
and Rt = 12.85 min (trans racemate: 17.1 %) . 

5 Example 3. 

N-methyl - 4 - ( 3 , 4 - dichlorophenyl ) - 1 , 2 , 3 , 4 - te trahydro - 1 - 
naphthaleneamine, (cis -racemate, racemic sertraline) . 

A one litre autoclave was charged with 54.1 g 
(0,132 mole ) of the light brown oil from example 2, 

10 400 ml of ethanol, 14 ml (0,168 mole) of concentrated 
hydrochloric acid and 2,5 g of palladium on carbon 10 
%. The suspension was hydrogenated at a pressure of 3 
bar at room temperature until hydrogen uptake ceased 
(5 hours) . The resulting grey suspension of 

15 precipitated cis-racemate and catalyst was made 
alkaline with concentrated NaOH (20.0 ml; 0.22 mole), 
toluene was added and the mixture was stirred for 3 0 
minutes. HPLC analysis (nucleosil C18 column eluted 
using MeOH/phosphate buffer, pH 7.0 (9/1) with a flow 

20 of 0.7 ml/min and UV detection at 230 nm) revealed two 
products with RT= 14.01 min (cis-racemate) and RT= 
16.36 min (trans -racemate) where the cis/trans ratio 
was 80.4/19.8. The catalyst was removed by filtration 
and toluene (200 ml) and water (600 ml) was added to 

25 the filtrate. The organic layer was separated and the 
aqueous layer washed with toluene (100 ml) . 

The combined organic extracts were washed with 
water (40 ml) and brine (20 ml) and the solvent was 
evaporated in vacuo leaving 47.5 g of a light brown 

30 oil. The oil was taken up in ethanol (250 ml), 25 ml 
of 6.28 M hydrochloric acid (0.157 mole) in ethanol 
was added and the solution was stirred for 3 hours at 
0°C. The cis racemate immediately crystallized. The 
white solid was separated by filtration, washed with 

35 80 ml of ethanol at -10°C and dried in vacuo at 50°C 
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over night leaving 36.1 g of cis-N-methyl -4 - (3, 4- 
dichlorophenyl) -1,2,3 , 4-tetrahydro-l-naphthaleneamine 
as a white solid having a melting point of 288-290°C 
(uncorr.) . The yield was calculated to 80.2% based on 
5 N-[4-(3,4-dichlorophenyl)-3,4 -dihydro- 1 (2H) - 
naphthalenylidine] -benzylamine . The overall yield 
based on tetralone was 77.0 %. 

Example 4 

10 N- [4- (3, 4 -dichlorophenyl) - 3 , 4 - dihydro - 1 ( 2H) - 
naphthalenylidine] - 4 - chlorobenzylamine , 
(Formula I, R=p-chlorobenzyl) 

4 - ( 3 , 4 -dichlorophenyl ) -3 , 4 -dihydro- 1 (2H) - 
naphthalenone ("tetralone") was reacted with p- 
15 chlorobenzyl amine according to the procedure outlined 
in example 1, and N- [4- (3 , 4 -dichlorophenyl) -3,4- 
dihydro-1 (2H) -naphthalenylidene] -4 -chlorobenzylamine 
was obtained as brown crystals melting at 116 -117°C, 
in a yield of 89.4 %. 

20 

Example 5 

N - [4- (3,4-dichlorophenyl) - 3 , 4 ■ dihydro - 
naphthalenylidine] -4-methoxybenzylamine, (Formula 1/ 
R=p -me thoxybenzy 1 ) 

25 4 - (3 , 4 -dichlorophenyl ) -3 , 4 -dihydro- 1 (2H) - 

naphthalenone ("tetralone") was reacted with p- 
methoxybenzyl amine according to the procedure 
outlined in example 1, and N- [4- (3 , 4 -dichlorophenyl) - 
3 , 4 -dihydro- 1 (2H) -naphthalenylidene] -4 -methoxy- 

30 benzylamine was obtained as brown crystals melting at 
107-108°C, in an yield of 85.6 %. 



35 
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Example 6 

N- [4- (3,4-dichlorophenyl) -3, 4-dihydro-l (2H) - 
naphthalenylidene] -3 , 4-dimethoxy-benzylainine, (Formula 
I, R=3 , 4-dimethoxy-benzyl) . 

5 4- (3,4 -dichlorophenyl ) - 3 , 4-dihydro-l (2H ) - 

naphthalenone ( 11 tetralone" ) was reacted with 3,4- 
dimethoxy-benzyl amine according to the procedure 
outlined in example 1, and N- [4- (3 , 4 -dichlorophenyl ) - 
3 , 4-dihydro-l (2H) -naphthalenylidene] -3, 4 -dimethoxy- 
10 benzylamine was obtained as colourless crystals 
melting at 121-122°C in an yield of 92.3 %. 
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PATENT CLAIMS 
1. Process for the production of cis- (IS) , (4S) -N- 
methyl -4 - (3 , 4 -dichlorophenyl ) - 1 , 2 , 3 , 4 - tetrahydro- 1 - 
napthaleneamine , sertraline, or a salt thereof 
Scharacterized in that the process 
comprises the following steps: 



i) the compound with the formula I 



15 




CI 



wherein R= a benzyl group, which may be 
substituted with one to three groups 
independently selected from: fluorine, 
20 chlorine, bromine, iodine, alkyl groups such 

as methyl, ethyl and propyl, and alkoxy 
groups such as methoxy, ethoxy, and propoxy, 

is hydrogenated to obtain the compound with the 
25 formula II 



R 
I 

N 



30 




35 
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ii) the compound with the formula II is 
reductively alkylated with formaldehyde or a 
derivative of formaldehyde or reacted with 
5 another methylating agent to obtain the 

compound with the formula III 



R 
i 

-N 



10 




CI 



iii) the compound with the formula III is 
converted to sertraline or a salt thereof by 
removal of the group R. 
20 2. Process according to claim 1, wherein step i) 

is performed in the presence of a catalyst selected 
from palladium on carbon, rhodium on carbon and Raney 
nickel . 

3. Process according to claim 1 or 2, wherein 
25 step i) and step ii) are performed in the same pot 

without intermediate purification. 

4. Process according to any of claims 1-3, 
wherein step iii) is performed by hydrogenolysis . 

5. Process according to any of claims 1-4, 
30 wherein R= benzyl. 

6. An N-substituted N- [4- (3 , 4-dichlorophenyl) - 
3, 4-dihydro-l (2H) -naphthalenylidine) -amine of the 
formula I, wherein R is defined in claim 1. 



35 
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7. An N-substituted N- (3 , 4 -dichloro-phenyl ) - 

I, 2,3, 4 -tetrahydro- 1 -naphthaleneamine of the formula 

II, wherein R is defined in claim 1. 

8. An N-substituted N-methyl -4 - (3 , 4 -dichloro- 
5 phenyl) -1, 2 , 3 , 4 -tetrahydro- 1 -naphthaleneamine of the 

formula III, wherein R is defined in claim 1. 



INTERNATIONAL SEARCH REPORT 



.•rnatlonal Application No 

PCT/DK 00/00586 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 C07C209/62 C07C209/26 C07C209/70 C07C211/42 C07C251/20 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

CHEM ABS Data, BEILSTEIN Data, PAJ, WPI Data, EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 947 499 A (CATALYS) 
6 October 1999 (1999-10-06) 
claims 

WO 93 01161 A (PFIZER LTD ;PFIZER (US)) 
21 January 1993 (1993-01-21) 
cited In the application 
page 12; claims 

US 4 536 518 A (WELCH JR WILLAR0 M ET AL) 
20 August 1985 (1985-08-20) 



□ 



Further documents are listed in the continuation of box C. 



10 



Patent family members are listed in annex. 



Special categories of cited documents : 

•A* document defining the general stale of the art which is not 

considered to be of particular relevance 
'E* earier document but published on or after the international 

filing dale 

L" document which may threw doubts on priority claim (s) or 
which is cited to establish the publication dale of another 
citation or other special reason (as specified) 

O* document referring to an oral disclosure, use, exhibition or 
other means 

■P* document published prior to the international filing dale but 
later than the priority date claimed 



*T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken atone 

*V document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person ski Bed 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



9 February 2001 



Date of mailing of the international search report 



16/02/2001 



Name and mailing address of the ISA 

European Patent Office, P.B. 5618 Patent laan 2 
NL-2280HVRgswlJk 
Tel {♦31-70)340-2040. Tx. 31 651 epo nl. 
Fax (+31-70)340-3016 



Authorized officer 



Pauwels, G 



Form PCT/1SV210 (second sheet) gvdy 1992) 



INTERNATIONAL SEARCH REPORT 



Information on patent family members 



irnational Application No 

PCT/DK 00/00586 



Patent document 


Publication 




Patent family 


Publication 


cited in search report 


date 




member(s) 


date 




fl-1 QQQ 

uo— ivj—xyjy 


r fx 






wu yjuiioi a 


t X U J. 1 ? -7 J 


AT 
n 1 


1 10QAQ T 


1 f|1 _1QQA 






PA 


OlflQOiQ A 


it Ul 






ut 


AQ9fl7Afi1 n 

Orftu/oui u 


tt Ut iyyo 






ut 


OVtU/OUI 1 


tJ—UD— 1^:70 






UN 


D7D0DX 1 


It Ut i^yo 






EP 


0595851 A 


11-05-1994 






ES 


2082481 T 


16-03-1996 






FI 


940105 A 


10-01-1994 






GR 


3019122 T 


31-05-1996 






IE 


922249 A 


13-01-1993 






JP 


2563754 B 


18-12-1996 






JP 


6509079 T 


13-10-1994 






PT 


100673 A,B 


30-09-1993 






US 


5442116 A 


15-08-1995 



US 4536518 A 20-08-1985 



AT 


2668 


T 


15-03-1986 


AU 


517357 


B 


23-07-1981 


AU 


6389780 


A 


07-05-1981 


BA 


97149 


B 


28-12-1998 


BA 


97150 


B 


28-12-1998 


BG 


60333 


B 


27-05-1994 


CA 


1130815 


A 


31-08-1982 


CS 


9103542 


A 


16-12-1992 


CS 


238609 


6 


16-12-1985 


CS 


238617 


B 


i^" 10 ■» A AT 

16-12-1985 


CS 


238618 


B 


16-12-1985 


pin 

DD 


155615 


A 


23-06-1982 


DD 


203045 


A 


12-10-1983 


DE 


3062225 


D 


07-04-1983 


DK 


395280 


A.B, 


02-05-1981 


EG 


15527 


A 


30-04-1987 


EP 


0030081 


A 


10-06-1981 


ES 


496443 


D 


16-01-1982 


ES 


8201949 


A 


01-04-1982 


ES 


506892 


D 


01-09-1982 


ES 


8207123 


A 


01-12-1982 


FI 


803398 


A,B, 


02-05-1981 


GR 


70781 


A 


23-03-1983 


HK 


82284 


A 


09-11-1984 


HR 


930199 


B 


29-02-1996 


HR 


931527 


B 


30-04-1996 


HU 


182224 


B 


28-12-1983 


IE 


50395 


B 


16-04-1986 


IL 


61374 


A 


31-10-1983 


IN 


159644 


A 


30-05-1987 


IN 


159643 


A 


30-05-1987 


JP 


1287061 


C 


31-10-1985 


JP 


56086137 


A 


13-07-1981 


JP 


60005584 


B 


12-02-1985 


KR 


8402001 


B 


27-10-1984 


KR 


8402000 


B 


27-10-1984 


LU 


88330 


A 


04-05-1994 


LV 


5456 


A 


10-03-1994 


LV 


5457 


A 


10-03-1994 


MX 


5980 


E 


12-09-1984 


MY 


32685 


A 


31-12-1985 



Form PCT/1SV2 1 0 (patera family annex) (JuV 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



.^national Application No 

PCT/DK 00/00586 



Patent document 


Publication 




Patent family 


Publication 


cited in search report 


date 




member(s) 


date 


US 4536518 A 


NO 


803258 A, 6, 


04-05-1981 




NZ 


195407 A 


31-05-1984 




PH 


17319 A 


20-07-1984 




PT 


72004 A,B 


01-11-1980 




SG 


56584 G 


08-03-1985 




SI 


8012798 A 


31-12-1994 




SI 


8310672 A 


30-04-1996 




SU 


1014467 A 


23-04-1983 




SU 


1034602 A 


07-08-1983 



Fom PCTflSA/210 (patent family amex) (July 1992) 



page 2 of 2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
El FADED TEXT OR DRAWING 
□(BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

13 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: __ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



